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Aim of the study: This study investigated the efﬁcacy of Marsypianthes chamaedrys Vahl (Lamiaceae)
inﬂorescence and leaf extracts in inhibiting the inﬂammatory and coagulant actions of Bothrops atrox
venom.
Materials and methods: Marsypianthes chamaedrys, which is used in Brazil as a folk medicine to treat
snakebites and local inﬂammatory reactions, was tested in vitro to determine its ability to block indirect
phospholipase A2 and direct coagulant activities and in vivo to determine its ability to inhibit leukocyte
migration and cytokine release.
Results: In vitro, Marsypianthes chamaedrys showed antiphospholipase A2 and anticoagulant activities;
the latter activity was also conﬁrmed by prothrombin time (PT) and activated partial thromboplastin
time (aPTT) in the absence of venom. Of the extracts used, those obtained from the crushed plant had the
greater inhibitory activity in in vitro tests, showing that biological activity is affected by the way extracts
are obtained. In vivo, Marsypianthes chamaedrys inhibited leukocyte migration and the release of the
proinﬂammatory cytokines IL-6 and TNF-without altering the concentration of the anti-inﬂammatory
cytokine IL-10.
Conclusions: As speciﬁc antivenoms are not effective in neutralizing the local action of Bothrops venoms,
characterization of the anti-inﬂammatory mechanisms induced by Marsypianthes chamaedrys is of vital
importance if the extracts of this plant species are to be used in future as adjuvants in the treatment of
 
snakebites.
. IntroductionSnakebites represent a serious public health problem in tropical
ountries because of the frequency with which they occur and the
orbidity and mortality associated with them. There are approx-
Abbreviations: Batrox, Bothrops atrox venom; Mc, Marsypianthes chamaedrys;
LE, crushed leaves; CIN, crushed inﬂorescence; ILE, infusion of leaves; IIN, infusion
f inﬂorescence; PLA2, phospholipase A2; PT, prothrombin time test; aPTT, activated
artial prothrombin time test; IL-6, Interleukin 6; TNF-, Tumor necrosis factor-
lpha; BAV, Bothrops antivenom.
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imately 3000 species of snakes worldwide, of which 10–14% are
considered venomous (Chippaux, 1998). In Brazil, accidents involv-
ing snakes from genus Bothrops sp. constitute the most important
cause of envenomation by snakes. Epidemiological data show that
72.6% of accidents in 2009 involving snakes were caused by snake
species belonging to this genus (Brasil, 2009).
Bothrops atrox, whose venom triggers local and systemic effects
in its victims (Borges et al., 1999), is the species responsible for
most accidents in theNorthern regionof Brazil. Local lesions caused
by this species are considered to be of greater clinical importance
and include edema, pain, erythema, cyanosis, necrosis and cellulitis
(Franc¸a and Málaque, 2009). The hemorrhagic, phospholipase A2
and proteolytic activities of Bothrops venoms have been related to
Open access under the Elsevier OA license.the pathogenesis of these lesions and symptoms (Gutierrez and
Lomonte, 2009).
The recommended treatment for snakebites involves theadmin-
istration of antivenoms, immunobiological agents produced by
immunizing animals with venom from the most common poi-
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onous snakes. The antibodies in these immunobiological agents
eutralize the substances responsible for the biological action of
enoms.However, studieshaveshownthat this therapy isnoteffec-
ive in neutralizing the local effects of the venom of snakes from
he genus Bothrops (Morais et al., 1994; Picolo et al., 2002). New
rends in envenomation therapy suggest that it may be possible
o interfere with the local tissue lesion and systemic effects of the
enom not only by using serum therapy but also by modulating
ome inﬂammatory mediators produced by the patient following
nvenomation (Gutierrez et al., 2007).
The search for new compounds from plant extracts to com-
lement serum therapy has attracted the attention of various
esearchers (Martz, 1992; Houghton and Osinbogun, 1993; Borges
t al., 1996; Mors et al., 2000; Costa et al., 2008). More recent
tudies have endeavored to identify the molecular mechanism that
nhibits the effects of snake venoms, particularly those of snakes
rom the genus Bothrops sp., which cause greater local tissue dam-
ge andhave been shownnot to beneutralized by theusual therapy
Cardoso et al., 1993).
Marsypianthes chamaedrys (Lamiaceae), popularly known as
aracari or boia-caá (‘snake herb’ in Tupi), is used in the state
f Amazonas (Northern Brazil) both orally and as a poultice at
he site of the snakebite to alleviate the secondary effects of the
enom. Although there have been few chemical studies of this
pecies (Menezes et al., 1998a,b; Ferreira, 2001), some of the com-
ounds isolated from this plant, such as steroids (lupeol and -
nd -sitosterol), terpenoids (ursolic acid and - and -amyrin)
nd ﬂavonoids (rutin), have proven anti-inﬂammatory action and
re found in countless other plants with known anti-snake venom
ctivity (Mors et al., 2000).
Some aspects of the correlation between the neutralization
f snake venom and the pharmacological action associated with
he anti-inﬂammatory properties of Marsypianthes chamaedrys
antinociceptive action, antiedematogenic action and reduction in
ascular permeability) have been tested using Bothrops jararaca
enom with promising results (Pereira and Pereira, 1989; Ruppelt
t al., 1990,1991; Pereira et al., 1992). However, as many of
hese tests were screening tests, a satisfactory pharmacological
ose–response relationship could not be determined. In addi-
ion, the tests were carried out with Bothrops jararaca venom,
hich in vitro tests have shown to be less potent than the venom
f Bothrops atrox in terms of enzymatic and coagulant activi-
ies associated with local effects such as edema, hemorrhage and
ecrosis (Furtado et al., 1991). In light of the above, the aim
f the present study was to investigate the effect of extracts
f Marsypianthes chamaedrys on both the inﬂammatory action
phospholipase A2 activity, leukocyte migration and cytokine
IL6 and TNF-) release] and coagulant action of Bothrops atrox
enom.
. Materials and methods
.1. Animals and materials
In vivo tests were carried out using male Swiss mice (25±2g)
rom the animal colony at the Federal University of Amazonas
UFAM, Manaus, AM, Brazil) and followed the rules of the UFAM
nimal Research Committee (009/201O-CEEA). Lyophilized Both-
ops atrox venom (Batrox) was obtained from the Center for
oisonous Animals at the Amazonas Tropical Medicine Foundation
FMTAM, Manaus, AM, Brazil). The Bothrops antivenom (BAV) was
roduced by the Butantan Institute (Batch no. 709179B – São Paulo,
P, Brazil). Plasma from healthy donors was used with the autho-
ization of the research Ethics Committee of the Federal University
f Amazonas (CAAE registration number – 0210.0.115.000-09).harmacology 134 (2011) 82–88 83
2.2. Plant material
The aerial parts of Marsypianthes chamaedrys (Lamiaceae) were
collected in the municipality of Novo Airão, AM, Brazil (latitude S –
2.62139◦ and longitudeW–60.94417◦). An exsiccate of this species
is registered under no. 228003 at theNational Amazonian Research
Institute herbarium (INPA, Manaus, AM, Brazil).
2.3. Preparation of plant extract
After the leaves and inﬂorescence had been separated, part
of this material (±100g) was pulverized in a mortar to produce
crushed leaves (CLE) and crushed inﬂorescence (CIN). This type of
extract was chosen in an attempt to reﬂect the way the population
use theextract fromthisplant, i.e., bothorally andwithout solvents,
such aswater or ethanol. Another partwas dried in the open air and
used to produce 2.5% infusions of leaf (ILE) and inﬂorescence (IFL).
All the extractswere lyophilized and stored in a dark place at −4 ◦C.
2.4. Blocking of venom activity
For the in vitro tests to investigate the blocking of venom activ-
ity by Marsypianthes chamaedrys, the lyophilized extracts and the
venom were weighed and dissolved in PBS at pH 7.2 in different
concentrations according to the particular test being carried out.
These solutions were mixed in various proportions and incubated
at 37 ◦C for 30min. Solutions of the venom incubated with BAV
were used as positive controls.
2.5. Anti-phospholipase activity
Phospholipase A2 activity was determined by indirect hemol-
ysis assay for 20h at 37 ◦C in agarose gel (5%) in the presence of
sheep red blood cells with egg yolk as substrate (Gutiérrez et al.,
1988). The test solutions used contained the different extracts (CLE,
CIN, ILE or IIN) in 35.0 or 70.0mg/mL doses and Batrox venom
(5mg/mL), and the controls contained Batrox (5mg/mL) +PBS or
Batrox (5mg/mL) +BAV. Percentage inhibitory enzymatic activity
was determined using the formula %= ((Mv −Ma)×100)/Mv, where
Mv is the mean area (in mm2) of the halo lesion produced by
the venom and Ma is the mean area (in mm2) of the haloes in
the samples. 100% inhibition corresponded to complete inhibi-
tion of phospholipase A2 activity in the venom. The experiment
was carried out in duplicate and the results were expressed as the
mean± SD.
2.6. Inhibition of the coagulant activity of the venom
The minimum coagulant dose (MCD) of venom is deﬁned as the
dose that can clot 0.2mLof humanplasma in60 s (Genéet al., 1989).
For this test, the coagulation time (in seconds) was measured with
a Coatron M1® coagulation analyzer. The extracts were diluted
in saline solution in the following concentrations: 0.63, 1.25 and
2.5mg/mL. The experiment was carried out in triplicate, and the
coagulant activity of the venom was expressed as the time it took
the plasma to coagulate (0.5mg/mL) in the presence or absence of
plant extracts.
2.7. Inhibition of indirect coagulant activity
The anticoagulant activity of the extracts was determined by
measuring prothrombin time (PT) and activated partial thrombo-
plastin time (aPTT). These testswere carried out usingHemostasis®
(Labtest) reagent kits with a methodology adapted from Yuk et al.
(2000). Extracts at concentrations of 0.625, 1.25 and 2.5mg/mL
were used, and concentrations of 5 and 10mg/mL were also used
8 thnopharmacology 134 (2011) 82–88
t
(
c
w
2
t
i
r
a
r
f
T
t
g
a
v
d
a
e
n
a
a
t
T
w
e
2
i
g
(
c
r
w
v
o
v
t
s
l
s
a
k
2
p
(
u
o
s
b
T
t
p
4
0 200 400 600 800
Batrox + PBS
BAV 1:1
CIN 70 mg/mL
 CIN 35 mg/mL
CLE 70 mg/mL
 CLE 35 mg/mL
IIN 70mg/mL
IIN 35mg/mL
ILE 70mg/mL
ILE 35mg/mL
56.2 %
50.17 %
75.79 %
58.18 %
42.23 %
50.67 %
21.98 %
45.74 %
24.51 %
mm2
Fig. 1. Inhibition of the anti-phospholipase activity of Bothrops atrox venom
(5mg/mL) by extracts of Marsypianthes chamaedrys. The bars represent the mean4 A. Magalhães et al. / Journal of E
o measure aPTT. Coagulation was stimulated by adding CaCl2
20mmol/mL), and anticoagulant activity was expressed as a per-
entage increase in the coagulation time of the samples compared
ith the coagulation time for the blank test (platelet-poor plasma).
.8. Peritonitis induced by Bothrops atrox venom
First, peritonitis was induced in groups of six mice by intraperi-
oneal injection of Batrox in a dose of 0.5g/animal, sufﬁcient to
nduce cellular migration without causing signiﬁcant local hemor-
hage (Souza, 2006). In the test groups, the CLE or CIN extractswere
dministeredp.o. in 0.1, 0.3 and0.6mg/kgdoses; the control groups
eceived either water (p.o.), BAV (i.v.) or dexamethasone (Novo-
arma, 4mg/mL, batch 1170077, i.p.) in a dose of 100g/animal.
he test groups and the control group that received water were
reated 60min before the venom was administered. The control
roup that received BAV and the control group that received dex-
methasonewere treated immediately after, and15minbefore, the
enom was administered, respectively. The groups were treated at
ifferent times to take into account the pharmacokinetics of each
dministration route and the absorption of each drug used.
After four hours, the animals were sacriﬁced and the peritoneal
xudate was collected with a plastic Pasteur pipette by abdomi-
al laparoscopy. To facilitate collection, all the animals received
n injection of 2.0mL of heparinized PBS (10 IU/mL), and their
bdomens were massaged to release any cells that had stuck
o them. A sample of the peritoneal wash was diluted 1:20 in
ürk’s solution, and the cells were counted in a Neubauer chamber
ith the aid of an OLYMPUS® CBA microscope. The results were
xpressed as the total number of cells per peritoneal cavity.
.9. Inﬂuence of the pharmacokinetics of the extracts on the
nhibition of leukocyte migration
The peritonitis assay was repeated using the CLE and CIN test
roups in the dose that yielded the greatest inhibitory response
0.6mg/kg). Groups of mice (n=5) were used to observe the efﬁ-
acy of the treatments administered at different times. Four groups
eceived either (i) CLE or CIN extracts p.o. in a 0.6mg/kg dose, (ii)
ater p.o., or (iii) 100L of BAV i.v./animal immediately after the
enom had been administered i.p. in a dose of 0.5g/animal. Four
ther groups were treated with the same doses two hours after the
enom had been administered, and the last four groups received
he doses four hours after injection of the venom. Each group was
acriﬁced four hours after the treatment. The procedures for col-
ecting the peritoneal exudate and for counting the cells were the
ame as those described above. Part of the exudate was aliquotted
nd centrifuged for 5min at 5000 rpm, and the supernatant was
ept at −80 ◦C for use in cytokine measurement assays.
.10. Inhibition of cytokine release
Samples of the peritoneal exudates obtained in the test for
eritonitis induced by Batrox were used to measure cytokine
IL-6, IL-10 and TNF-) levels by the sandwich ELISA method
sing monoclonal capture antibodies (primary antibodies), mon-
clonal detection antibodies (secondary antibodies), the enzyme
treptavidin-peroxidase (Sav-HRP), the chromogen tetramethyl-
enzidine (TMB) and hydrogen peroxide, a peroxidase substrate.
he test was carried out according to the manufacturer’s instruc-
ions for the BD OptEIA® Mouse ELISA Kits (BD Biosciences). The
lates were read in an ASYS® ELISA reader at a wavelength of
50nm, and cytokine concentrations were expressed in pg/mL.(n=2) and standard deviation of area of the halos (mm2) formed by the venom.
Also shown are the percentage inhibition compared with the negative control
Batrox+PBS. BAV 1:1, positive control BAV (v/v); CIN, crushed inﬂorescence; CLE,
crushed leaves; IIN, infusion of inﬂorescence; ILE, infusion of leaves.
2.11. Statistical analysis
The results are given as the mean± SD. For statistical signif-
icance, analysis of variance (ANOVA) was carried out using the
GraphPad Prism® program. The Tukey test was used as a post-test
to determine signiﬁcance (p<0.05).
3. Results and discussion
3.1. Anti-phospholipase activity
All the extracts tested inhibited the phospholipase A2 activ-
ity of Batrox; however, only the extracts obtained from crushed
leaves or inﬂorescence were more effective than BAV in inhibiting
this activity (Fig. 1). Extracts obtained from inﬂorescence yielded
better results than those obtained using leaves, and the inhibition
achieved with crushed inﬂorescence (CIN) was 20.9% higher than
that for BAV (1:1, v/v). The results become even more signiﬁcant
when the venom-to-extract ratio used is compared with that used
for other plants with anti-snake venom activity. For the highest
concentration of extract (70mg/mL) and a venom concentration
of 5mg/mL, a venom-to-extract ratio (w/w) of 1:14 was used and
resulted in inhibition of up to 75.79% for the CIN. Using the same
model, Mikania glomerata inhibited the phospholipase activity of
Bothrops jararacussu venom in the proportion 1:200 (w/w) by 30%
(Maiorano et al., 2005).
3.2. Inhibition of the coagulant activity of the venom
Of the Bothrops venoms that have thrombin-like activity, Batrox
has the greatest in vitro coagulant activity (Furtado et al., 1991).
Clinically, this characteristic triggers the formation of thrombin in
the microvasculature, with consequent hypoxia, worsening of the
edema and tissue necrosis (Franc¸a and Málaque, 2009).
All the extracts showed high anticoagulant activity in the
presence of Bothrops atrox venom. Most notable was CIN, which
increased coagulation time by a factor of up to 3.21. This activity
was found to be dose dependent for all the extracts (Table 1) and to
be related to the way the extract was obtained. The anticoagulant
activity of the extracts was conﬁrmed by measurement of PT and
aPTT. In addition to the concentrations of 0.625, 1.25 and2.5mg/mL
used in the aPTT test, concentrations of 5 and 10mg/mL were also
A. Magalhães et al. / Journal of Ethnopharmacology 134 (2011) 82–88 85
Table 1
Direct coagulant activity of Marsypianthes chamaedrys extracts in the presence of Bothrops atrox venom (0.5mg/mL) and action of Marsypianthes chamaedrys on indirect coag-
ulation (PT and aPTT) expressed as a percentage, mean (n=3) clotting time (s) and standard deviation. Negative values correspond to inhibition of coagulation (anticoagulant
activity). NT, concentrations not tested for this assay. Negative results correspond to an increase in coagulation time for the control. The symbol () indicates that the time
exceeded the longest time that could be measured on the appliance, and the symbol (–) corresponds to an absence of anticoagulant activity.
Assay Extracts mg/mL
10 5 2.5 1.25 0.625
Direct Coagulation CIN NT NT −109.49%
128.57± 6.0 s
−87.75%
115.83±6.5 s
−68.00%
103.10±13.5 s
CLE NT NT −221.38%
197.23±2.6 s
−97.71%
121.33±15.2 s
−79.84%
110.37±15.4 s
IIN NT NT −65.06%
101.3±4.0 s
−59.04%
97.60±1,3 s
−30.14%
79.87±3.1 s
ILE NT NT −108.03%
127.67±7.3 s
−95.43%
119.93±12.6 s
−58.11%
97.03±3.9 s
PT CIN −54.20%
26.93±0.8 s
−13.81%
20.60±0.1 s
−10.50%
20.0±0.1 s
4.42%
17.3±0.2 s
–
CLE −153.24%
44.23±16.6 s
−13.08%
20.47±1.1 s
−1.66%
18.40±0.4 s
5.71%
17.07±0.6 s
–
IIN 4.01%
16.77±0.46 s
4.42%
17.30±0.46 s
6.45%
16.93±0.35 s
6.63%
16.90±0.70 s
–
ILE −13.93%
19.9±0.7 s
1.66%
17.80±0 s
7.00%
16.83±0.2 s
8.47%
17.57±1.7 s
–
aPTT CIN   −295.81%
144.87±4.7 s
−97.72%
72.37±3.6 s
−28.01%
69.77±1.6 s
CLE   −296.17%
145.0±33.6 s
−105.01%
75.07±1.1 s
−10.40%
60.17±3.5 s
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ited the inﬂux of leukocytes, suggesting that cystolic PLA2 plays
a role in this model of inﬂammation induced by Bothrops atrox
venom (Fig. 2). The hypothesis that mediators derived from lipoxy-
genase are involved in the migration of leukocytes in vivo was alsoIIN  
ILE  
sed;however, thesedelayed coagulation to suchanextent that the
oagulation times could not be measured on the equipment used.
ll theextracts showedanticoagulantactivity in theaPTT test. In the
T test, however, only those extracts obtained from crushed plants
howed anticoagulant activity, and this was dose-dependent. CLE
ad the greatest activity in both tests.
.3. Inhibition of indirect coagulant activity
The greater activity observed in the aPTT test may be related to
n afﬁnity of the chemical components present in both the leaves
nd the ﬂowers for the contact activation pathway2 (factors VIII, IX,
I and XII). Themain proteins in Bothrops atrox venom that activate
oagulation essentially act in the common pathway of the cascade
Sano-Martins and Santoro, 2009), which may indicate that the
xtracts act by inhibiting both thrombin-like enzymes in Bothrops
trox venom and endogenous thrombin.
The results of the present study highlight once again the
mportance of the way in which plant extracts are obtained in
etermining their biological activity. The extracts obtained by
rushing had a higher concentration of volatile compounds than
hose obtained by infusion (data not shown). In the crushed plant,
uch compounds are probably responsible for the anticoagulant
ctivity observed in the PT test, which is related to a greater afﬁn-
ty for the tissue factor pathway (factors II, V, VII and X). Castro
t al. (2003) showed that the aqueous extract of Marsypianthes
hamaedrys and its methanolic fraction were able to neutralize the
brinogenolytic activity of Bothrops jararaca venom and thrombin
nd suggested that the effect observed may be the result of direct
ction on serine proteases similar to thrombin and on thrombin
tself. Two speciﬁc components of the coagulation system act as
inks between inﬂammation and coagulation of the blood: throm-
in, which cleaves ﬁbrinogen into ﬁbrin, and factor Xa, which
auses an increase in vascular permeability after it has bound to its
2 Previously referred to as the intrinsic pathway.−296.81%
145.23±7.4 s
−39. 25%
50.97±2.9 s
−6.30%
57.93±2.9 s
−107.01%
75.77±10.7 s
−70. 86%
62.53±8.4 s
−13.39%
61.50±25.4 s
receptors. When ﬁbrinogen is converted to ﬁbrin, ﬁbrinopeptides
are generated. These cause an increase in vascular permeability
and leukocyte chemotaxis and also activate plasminogen, which
is cleaved to form plasmin. This in turn activates the complement
system and increases vascular permeability by acting onmast cells.
3.4. Peritonitis induced by Bothrops atrox venom
Even at the lowest concentration, CIN and CLE had a signiﬁ-
cant inhibitory effect on the migration of inﬂammatory cells 4h
after the venom had been injected. Dexamethasone also inhib-Fig. 2. Cell migration induced by Bothrops atrox venom (0.5g/animal) 4h after
inﬂammation was induced. The bars represent the mean number of leuko-
cytes± standard deviation (n=6, p<0.0001) and the control treated with water (A).
A, negative control H2O; B, positive control BAV (100L/animal); C, positive control
dexamethasone (4mg/mL); D, crushed inﬂorescence 0.1mg/mL; E, crushed inﬂores-
cence 0.3mg/mL; F, crushed inﬂorescence 0.6mg/mL; G, crushed leaves 0.1mg/mL;
H, crushed leaves 0.3mg/mL; I, crushed leaves 0.6mg/mL.
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Fig. 3. Cell migration induced by Bothrops atrox venom (0.5g/animal) at different
times (0h, or immediately, 2h and 4h) after injection of the venom. The bars repre-
sent the mean number of leukocytes± standard deviation (n=5, p<0.001) and the
control treated with water. At the ﬁrst time point analyzed, the result for the BAV
control group was statistically signiﬁcant (p<0.05) compared with the control. A,
n
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Fig. 4. Concentration (pg/mL) of IL-6 (3A), TNF- (3B) and IL-10 (3C) in the peri-
toneal ﬂuid of mice at different time points (0h, or immediately, 2h and 4h) after
inﬂammation was induced by Bothrops atrox venom. The bars represent the mean
concentration± standard deviation (n=5, p<0.01 to IL-6 e p<0.05 to TNF- and
IL-10) at each time point for the two control groups and the groups treated with
crushed inﬂorescence and with crushed leaves. A, negative control H2O; B, posi-egative control H2O; B, positive control BAV (100L/animal); C, positive control
examethasone (4mg/mL); D, crushed inﬂorescence 0.1mg/mL; E, crushed inﬂores-
ence 0.3mg/mL; F, crushed inﬂorescence 0.6mg/mL; G, crushed leaves 0.1mg/mL;
, crushed leaves 0.3mg/mL; I, crushed leaves 0.6mg/mL.
uggested in connection with the induction of inﬂammation by
othrops erytromelas, Bothrops alternatus (Flores et al., 1993) and
othrops moojeni (Moreno, 1994; Souza, 2006).
.5. Inﬂuence of the pharmacokinetics of the extracts on the
nhibition of leukocyte migration
A satisfactory result was also obtained when the groups were
reated immediately after, orwithin4hof, applicationof thevenom
Fig. 3). Both extracts displayed inhibitory activity at all timepoints,
ut CLEproved to be themost effective, as it retainedpractically the
ame degree of inhibitory activity at the time point when expres-
ion of inﬂammatory activity was at its highest (2h). Four hours
fter the venom was injected, BAV no longer had a signiﬁcant
nhibitory effect on leukocyte migration.
.6. Inhibition of cytokine release
Cytokines appear to play an important role in mediating the
nﬂammatory response to Bothrops venoms. Using a mouse foot-
ad edema model to study the action of Bothrops asper venom,
omonte et al. (1993) observed a sudden increase in serum IL-
concentration, with a peak between the third and sixth hour.
owever, neither TNF- nor IL-1 were detected at any of the
ime points studied. Clinical studies have described both increased
erum IL-6 and increased IL-8 (now CXCL-8) levels in victims of
othrops snakebites (Barraviera et al., 1995), with a TNF- peak
fter 12h (Ávila-Agüero et al., 2001). Bothrops atrox venom is also
ble to induce production of proinﬂammatory (IL-6 and IFN-) and
nti-inﬂammatory (IL-10) cytokines, as well as nitric oxide (Barros
t al., 1998). Escocard et al. (2006) described the role of neutrophils
nﬁltrated into tissue injected with Bothrops atrox venom in the
roduction of certain cytokines and detected mRNA expression of
L-1, IL-6 and nitric oxide synthase (iNOS). Using the same phar-
acological model as that used in the present study, the authors
haracterized lymphocytes, macrophages and neutrophils as the
ain cells found in peritoneal liquid produced as a result of the
nﬂammation caused by Bothrops atrox venom. When activated,
hese cells release a range of cytokines that are responsible for
variety of paracrine and endocrine effects. Among these, IL-1,
L-6 and TNF- play a critical role in the production of acute-
hase proteins by the liver and act on the hypothalamus to induce
ever and on the endothelium of the bone marrow to releasetive control BAV (100L/animal); C, positive control dexamethasone (4mg/mL);
D, crushed inﬂorescence 0.1mg/mL; E, crushed inﬂorescence 0.3mg/mL; F, crushed
inﬂorescence0.6mg/mL;G, crushed leaves 0.1mg/mL;H, crushed leaves 0.3mg/mL;
I, crushed leaves 0.6mg/mL.
neutrophils, which are the ﬁrst cell population to cross vessel
walls and penetrate inﬂammation sites. IL-6 plays an important
role in hematopoiesis and is involved in a differentiation pathway
that induces the production of monocytes, neutrophils and other
leukocytes of the myeloid lineage. Innate cellular immunity also
involves endogenous inhibitors that limit the biological impact of
these mediators (Dinarello, 2007). IL-10 plays an important reg-
ulatory role in the acute-phase response because of its primary
ability to suppress IL-1, IL-6 and TNF-production bymacrophages
(Fiorentino et al., 1991).Only CIN was effective in inhibiting IL-6 release at the three
time points (Fig. 4A). At the ﬁrst time point, the mean concen-
tration of IL-6 in the CIN test group was 133.7 times lower than
that of the control group that received water, for which the con-
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entrations at the three time points exceeded the highest values
hat could be read on the appliance (>1591pg/mL). The control
roup that received Bothrops antivenom2h after inﬂammation had
een induced exhibited the greatest inhibition of production of this
ytokine. This time point also corresponded to the time at which
ell migration in the control group treated with water was at its
ighest. Both the test groups and the BAV control group were able
o produce signiﬁcant inhibition of TNF- production only at the
h time point (Fig. 4B). The extracts and BAV failed to have any
igniﬁcant effect on IL-10 concentration at any of the other time
oints (Fig. 4C).
Comparison of the results suggests that inhibition of IL-6 and
NF- may inﬂuence the reduction in cell migration by means of
echanisms related to the production of leukocytes and recruit-
ent of neutrophils and monocytes to the inﬂammation site,
espectively. However, these do not appear to be the only mecha-
isms, as CLE did not have a concomitant effect on IL-6 release, and
nhibition of cell migration by the extracts appears to be an effect
hat is independent of inhibition of TNF- release. The fact that the
hange in the concentration of the IL-10 released at the time points
ested was not signiﬁcant represents a positive aspect of the action
f the extracts tested (Fig. 4C), as it shows that they do not inter-
ere with autoregulation of the immune response. These results
ighlight the need for further studies to investigate the direct inﬂu-
nce exerted by compounds fromMarsypianthes chamaedrys on the
xpression of these mediators by cells responsible for the acute-
hase response mechanism.
In conclusion, Marsypianthes chamaedrys (Lamiaceae) had a
onsiderable inhibitory effect on the inﬂammatory and coagulant
ctions analyzed in this study. These results showthe importanceof
hemethod used to obtain the extract of Marsypianthes chamaedrys
Lamiaceae) in determining its biological activity and underline the
elevance of popular knowledge in the search for effective drugs or
hytomedicines that can help in the treatment of patients bitten
y snakes of the genus Bothrops sp.
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